Motivated by the latest improved measurements of B-meson decays, we make a comprehensive analysis of the impact of a family non-universal Z boson on B s −B s mixing and two-body hadronic B-meson decays, all being characterized by the quark-level b → s transition. Explicitly 22 decay modes and the related 52 observables are considered, and some interesting correlations between them are also carefully examined. Firstly, the allowed oases of b − s − Z coupling parameters |B L,R sb | and φ L,R s are extracted from B s −B s mixing. Then, in the "SM limit" (i.e., no new types of Z -induced four-quark operators arise compared to the SM case), we study the Z effects on B → πK, πK * and ρK decays. It is found that a new weak phase φ L s ∼ −90 • is crucial for resolving the observed "πK CP puzzle" and the allowed oases of the other Z coupling parameters are also strongly restricted. Moreover, the Z effects onB s → KK, KK * and π 0 φ decays, being induced by the same quark-level b → sqq (q = u, d) transitions, are also investigated. Especially, it is found that the decayB s → π 0 φ, once measured, would play a key role in revealing the observed "πK CP puzzle" and probing possible new physics hints. Finally, to check the non-universality of Z couplings to light-quark pairs, we have studied the B → φK decays in detail and found that the left-handed s − s − Z coupling is different from the d − d − Z one, which is due to the large A dir CP (B − → φK − ) reported by the BaBar collaboration.
Introduction
With the fruitful running of BaBar, Belle, Tevatron, LHCb and the coming Super-KEKB experiments, rare B-meson decays play a vital role in precisely testing the Standard Model (SM) and deciphering the flavour structure of possible New Physics (NP) models. Although most of the experimental measurements are in good agreement with the SM predictions, some tensions or the so-called puzzles have been observed in the quark-flavour sector [1] over the past few years. With more statistics collected, some of them have gone, but some still persist and are confirmed by independent measurements.
For instance, for the CP-violating phase φ ccs s , which is defined as the weak phase difference between the B s −B s mixing amplitude and the b → ccs decay amplitude, a large deviation from the SM prediction was observed by the CDF [2] and D0 [3] collaborations around 2008.
A combined model-independent analysis performed by the UTfit collaboration found that the discrepancy was even more than 3σ [4] , which attracted much attention. In our previous paper [5] , we pursued possible solution through a family non-universal Z boson and constrained the parameter space with these old data. However, the most recent updated measurements from CDF [6] , D0 [7] , ATLAS [8] and LHCb [9] are now in good agreement with the SM expectation.
Furthermore, beside the CP-violating phase φ ccs s , measurements of the other observables related to B s −B s mixing, including the mass difference ∆M s , the decay width difference ∆Γ s and the like-sign dimuon charge asymmetry, have also been updated recently, which could put a much stronger constraint on various NP models. Therefore, it is worth to reinvestigate the NP effects with these updated experimental data.
As is known, the four B → πK decays are among the most important hadronic B-meson decay modes with rich phenomenology. While their branching fractions have all been measured with high precision, it is still very difficult to explain the so-called "πK CP puzzle", i.e., why does the difference between the measured direct CP asymmetries A CP (B − → π 0 K − ) and
differ from zero by ∼ 5.7σ. It is noted that a family non-universal Z model could provide a possible solution to the observed "πK CP puzzle" [10, 11] . Since many other decay modes, such as B → πK, πK * and ρK, as well as B s → KK ( * ) and B s → π 0 φ, involve also the same quark-level b → sqq (q = u, d) transitions, a combined investigation with these closely related decay modes taken into account at the same time is very necessary. Moreover, the correlations between observables of these decays are powerful probes of NP effects.
In a family non-universal Z model, the Z couplings to different quarks are generally dif- The direct search for Z bosons is also an important physics program of current and future high-energy colliders [12, 13, 14, 15, 16] . Present limits from direct production at the LHC and virtual effects at LEP, through interference or mixing with the SM Z boson, imply that the new Z bosons are rather heavy and mix very little with the Z boson. Depending on the considered theoretical model, Z masses of the order of 2.5 − 3.0 TeV [12, 13, 17, 18] and Z − Z mixing angles at the level of a few per mil [19, 20] are already excluded. It is expected that a Z boson, if higher than about 5 TeV and with order one couplings to SM fermions, could be discovered at a high luminosity √ s = 14 TeV LHC run [14] . The future e + e − International
Linear Collider (ILC) with high center-of-mass energies and longitudinally polarized beams could even go beyond the capabilities of the 14 TeV LHC [16, 21, 22] . After the discovery of a Z boson at high-energy colliders, further detailed diagnostics of its couplings needs to be done in order to identify the correct theoretical framework.
Motivated by the above arguments, in this paper, we shall perform a comprehensive analysis of the impact of a family non-universal Z boson on hadronic b → s transitions. Such a family non-universal Z model, featured by tree-level flavour-changing neutral current (FCNC) and new CP-violating effect beyond the Cabibbo-Kobayashi-Maskawa (CKM) picture [23] , has been detailed in Refs. [24, 25] and attracted much attention in recent years, for instance in Refs. [10, 26, 27, 28, 29] . The study of Z effects on low-energy flavour physics is very important for the direct searches and the specific model building. In our previous works [5, 11, 30, 31] , we have performed detailed investigations of the explicit structures of the effective Z chiral coupling matrices and its effects in b → s transitions. Since then, measurements of many related observables have been significantly refined, which might affect our previous analyses and conclusions. It is, therefore, necessary to make a comprehensive reanalysis of these interesting processes, which are summarized and classified in Table 1 . Our strategy is the following: Firstly, we extract the information about flavour-changing b − s − Z coupling from B s −B s mixing.
Then, with the restricted b − s − Z coupling as input, we discuss the flavour-conserving Z couplings through the other decay modes listed in Table 1 . Meanwhile, the space of b − s − Z coupling could possibly be further bounded. After that, it is expected to get the explicit numerical results of the effective Z chiral coupling matrices and to check if the Z couplings are universal for the first two generations.
Our paper is organized as following. In section 2, we give a brief overview of the family non-universal Z model. In sections 3 and 4, its effects on the B s −B s mixing and the hadronic b → s transitions are discussed, respectively. We conclude in section 5. The relevant input parameters are collected in the Appendix.
Overview of the family non-universal Z model
In several well-motivated extensions of the SM, such as certain string constructions [32] , E 6 models [33] , and theories with large extra dimensions, an additional U (1) gauge symmetry and the associated Z gauge boson could arise. Due to the non-diagonal chiral coupling matrix in the mass eigenstate basis, such a new Z boson could have family non-universal couplings to the SM fermions and lead to FCNC processes even at the tree level, which are strictly forbidden within the SM. The basic formalism has been detailed in Refs. [24, 25, 26] in a way independent of the specific Z model. For consistence and convenience, we shall recapitulate it below.
For a general NP model extended by an extra U (1) gauge symmetry, the Z part of the neutral-current Lagrangian in the gauge-eigenstate basis can be written as [24] 
where g is the gauge coupling constant associated with the extra U (1) group at the electroweak (EW) scale, and J µ is the Z -induced neutral chiral current given by
with ψ being the chiral field of fermions and i, j the family indices. If the diagonal U (1) chiral charge is non-universal for different families, nonzero flavour-changing Z couplings could be generated through fermion mixing. After diagonalizing the Yukawa couplings to quarks by the unitary matrices V ψ L,R (which give the CKM matrix
coupling matrices ψ X can be rewritten as
in the quark mass-eigenstate basis. Here the off-diagonal elements, at least for B ψ X 13 and B ψ X 23 , are generally complex parameters, while the diagonal ones are real due to the hermiticity of the Lagrangian. To be consistent with the convention for the effective Hamiltonian given by Eqs. (8) and (30) , we have absorbed into the effective couplings
that always associates with the Z couplings, where g 1 = e/(sin θ W cos θ W ) and M Z denotes the mass of the new Z gauge boson.
It is known that the most promising channels for Z searches at the hadron colliders are dilepton and dijet final states [14] . If the Z couplings to leptons are negligible, the overwhelming constraints from LHC resonant searches in dilation final states would be not so informative.
Furthermore, the current lower limits on M Z set by the ATLAS and CMS collaborations are obtained only within several benchmark scenarios, assuming the Z couplings to fermions to be of order one [12, 13, 17, 18] . In a most general Z model, on the other hand, a lighter Z boson, being of the order of EW scale, could still be allowed. In this paper, since only the effective couplings B ψ X are involved and the Z mass is not treated as an independent parameter, we shall assume that these high-energy constraints on Z properties are satisfied.
Starting with the Lagrangian Eq. (1) and after integrating out the heavy Z gauge boson, one can easily obtain the resulting effective |∆B| = 1 and |∆B| = 2 four-fermion interactions induced by tree-level Z exchange [25, 26] , which will be presented in the following sections.
B s −B s mixing
In this section, we shall firstly recapitulate the theoretical framework and the current experimental status of B s −B s mixing, and then present our numerical results and discussions.
Theoretical framework for B s −B s mixing
The B s −B s mixing is described by the following Schrödinger equation
where M s and Γ s denote the mass and the decay matrix, respectively. The mass and the width difference between the two mass eigenstates |B H and |B L are obtained after diagonalizing M s and Γ s and are defined, respectively, as [34] 
where the full effective Hamiltonian responsible for | B| = 2 transition, including both the SM and Z contributions, can be written as
with the four-quark operators defined as
While only O arises through renormalization group evolution (RGE) [36] .
The hadronic matrix elements of these operators can be parameterized as [37] 
After neglecting the effects of RGE between the scales µ Z and µ W and the Z − Z mixing characterized by a small mixing angle θ ∼ O(10 −3 ) [19, 20, 38] , the corresponding Wilson coefficients at the scale µ W can be written as
with the SM contribution given by [35] 
The Z contributions are encoded by the off-diagonal left-and right-handed
, where φ L,R s denote the corresponding weak phases. Further RGE of these
Wilson coefficients from the scale µ W down to µ b is the same as in the SM [36] .
Within the SM, the off-diagonal element Γ s 12 can be written as [39] 
with the CKM factors The mass difference ∆M s has been precisely measured by the CDF [42] and LHCb [43] collaborations, with the averaged value given by [1] ∆M s = 17.69 ± 0.08 ps −1 .
The value of the width difference ∆Γ s , averaged over the measurements by CDF [6] , D0 [7] , ATLAS [8] and LHCb [9] collaborations, reads [1] ∆Γ s = 0.081 ± 0.011 ps −1 .
These two results are in good agreement with the most recent SM predictions, ∆M s = 17.3 ± 2.6 ps −1 and ∆Γ s = 0.087 ± 0.021 ps −1 [44] .
The CP-violating phase φ preformed by the UTfit collaboration found that the discrepancy was even more than 3σ [4] , which attracted much attention at that time. In Ref. [5] , for example, we have used these old data to constrain the parameter space of the flavour-changing Z couplings. However, the most recent updated data, [−0.60, 0.12] (CDF, 68% CL) [6] and −0.55
−0.36 (D0) [7] , show a better agreement with the SM expectation. Furthermore, the ATLAS and LHCb collaborations have presented their updated measurements, 0.22 ± 0.41 ± 0.10 (ATLAS) [8] , 0.07 ± 0.09 ± 0.01 and 0.01 ± 0.07 ± 0.01 [9] (LHCb), which are also consistent with the SM expectation. Averaging over the up-to-date measurements, the Heavy Flavour Averaging Group (HFAG) gives [1] φ ccs s = 0.04
which now agrees with the SM prediction within 1σ, and is expected to put more stringent constraints on various NP parameter space.
The flavour-specific CP asymmetry a s sl is another important quantity to explore the CP violation in B s system, and has also been measured by several experiments. With an integrated luminosity of 9.1 fb −1 , the D0 collaboration measured the like-sign dimuon charge asymmetry, 
which deviates from the SM prediction a 
Different from the earlier D0 result, the LHCb measurement does not confirm the significant deviation from the SM prediction, although their results are consistent with each other due to the large uncertainties involved. Thus, much refined measurements of a s sl are needed to clarify such a discrepancy in B s system. Averaging over the direct measurements given by Eqs. (18) and (19) , one obtains
which will be used in the following numerical analysis.
Numerical results and discussions
With the input parameters collected in the Appendix, we give our SM predictions in the third column of Table 2 . To obtain the theoretical uncertainties, we scan randomly the points in the allowed ranges of the inputs. Our results agree with the ones given in Ref. [39] , with a bit of differences induced by different values of input parameters. It is also found that there are no significant deviations from the experimental data listed in the second column of Table 2 . Thus, these observables are expected to put strong constraints on the flavour-changing Z couplings.
Including the Z contributions and with the default values of input parameters, we get the numerical results for the amplitudes:
which correspond, respectively, to the four operators listed in Eq. (9) . One can find that the Z contributions are comparable to the SM one when |B from ∆Γ s and a s sl are weak due to the large experimental uncertainties. In both scenarios, the modulus |B L sb | is stringently bounded, and we get numerically
However, no restriction for the weak phases φ data, which is quite different from that obtained in Ref. [5] , where the new weak phase φ L s is strongly bounded at ∼ −60
• and ∼ −80
It is noted that the weak phases φ L,R s are also restricted by the direct CP violation of hadronic B-meson decays. In the next section as well as in Ref. [11] , for Scenario LL, we find that a weak phase φ 
Taking |B L sb | = 0.5 × 10 −3 as a benchmark value, which will also be used as the default value in the following sections, we present our final predictions in the fourth column of Table 2 , where the first uncertainty is induced by the SM input parameters, and the second one by the Z parameters φ L s given in Eq. (27) . One can find that, with these inputs, all the results agree with the experimental data within uncertainties.
From Table 2 , it is also found that a • , which is favored for bridging the discrepancy between theoretical prediction and experimental measurement. As a simplified scenario, taking φ
we present the corresponding predictions in the last column of 
Theoretical framework for
Within the SM, the effective weak Hamiltonian responsible for the quark-level b → sqq transitions is given by [35] 
where V qb V * qs (q = u, c, t) are products of the CKM matrix elements, and C i the Wilson coefficients of the corresponding dimension-six operators.
Starting from the Lagrangian Eq. (1) and with the assumption that only the left-handed flavour-changing Z coupling B L sb is nonzero, the tree-level Z -induced effective Hamiltonian for b → sqq (q = u, d) transitions can be written as
It is noted that, within our assumption, the forms of the above operators already exist within the SM. Thus, in accordance with the SM expression Eq. (28), we can rewrite Eq. (29) as
where O q i (i = 3, 5, 7, 9) are the effective four-quark operators, and ∆C i the modifications to the corresponding Wilson coefficients due to the tree-level Z exchange. In terms of the model parameters, these Wilson coefficients at the M W scale are given by
where the off-diagonal coupling B 
For the b → sss transition, the Z -induced effective Hamiltonian is still given by Eq. (30), but with the corresponding Wilson coefficients modified to
To evaluate the hadronic matrix elements of O i , we shall adopt the QCD factorization (QCDF) approach, which has been extensively studied within the SM in Refs. [48, 49, 50, 51, 52, 53] .
It should, however, be noted that the framework suffers from the endpoint divergences during the evaluation of the hard spectator-scattering and annihilation corrections. The endpoint divergent integrals are usually treated as signs of infrared sensitive contributions and can be parameterized with at least two phenomenological parameters, for example, [50] . The different scenarios corresponding to different choices of ρ A,H and φ A,H have been thoroughly discussed in Refs. [50, 51, 52, 53] . As an alternative scheme, one could use an infrared-finite gluon propagator, 1/(k
to regulate the divergent integrals, which have been thoroughly studied in Refs. [55, 56] . In the latter scheme, it is found that the hard spectator-scattering contributions are real and the annihilation corrections are complex with a large imaginary part [55] . Moreover, the strength of the annihilation corrections is sensitive to the effective gluon mass scale m g , which is the only input parameter with a typical value 0.5 ± 0.2 GeV obtained by relating the gluon mass to the gluon condensate [54] . Interestingly, a similar result m g = 0.5 ± 0.05 GeV is also obtained with the constraints from B u,d → πK, πK * and ρK decays taken into account [55] . In this paper, we shall use the second scheme and, for simplicity, take m g = 0.5 ± 0.05 GeV to regulate the encountered endpoint divergences.
B→πK, πK * and ρK decays
One of the well-known anomalies observed in hadronic b → s transitions is the so-called "πK CP puzzle" [57] , i.e., the significant discrepancy between experimental data and theoretical prediction for the difference between the direct CP asymmetries,
which differs from zero by about 5.7σ. Within the SM, however,
are expected to be approximately equal to each other [57] .
It is noted that a family non-universal Z model, featured by tree-level FCNCs and new CP-violating phases, could provide a possible solution to the observed "πK CP puzzle" [10] .
However, since the B → πK * , ρK and B s → KK ( * ) decays also involve the same quark-level b → sqq (q = u, d) transitions, it is necessary to take into account all these decay modes at the same time. In Ref. [11] , we have studied in detail the Z effect on B → πK, πK * and ρK decays and obtained the allowed parameter spaces for the involved Z couplings. In this paper, due to a lot of updated experimental measurements, we shall update the fitting results for the Z couplings under the constraints of these decay modes.
Adopting the same conventions as in Ref. [50] , we can write the decay amplitudes for the four B → πK decays, respectively, as
where the explicit expressions for the coefficients α
can be found in Ref. [50] . The decay amplitudes for B → πK * and B → ρK decays could be obtained from the above ones by replacing (πK) → (πK * ) and (πK) → (ρK), respectively.
With the above mentioned theoretical formulae and the input parameters collected in the Appendix, our SM predictions for the branching fractions, direct and mixing-induced CP asymmetries of B → πK, πK * and ρK decays are summarized in the third column of Tables 3, 4 and 5, respectively. It is found that most of our theoretical predictions are generally consistent with the experimental data. However, as is expected within the SM,
5%, which has already been observed in Ref. [11] .
As has already been found in Refs. [10, 11] , a family non-universal Z model could provide a solution to the observed "πK CP puzzle", provided that there is a significant correction to the EW-penguin coefficient α (39)). However, being of a similar amplitude as that of
decay will also receive a significant Z correction and, therefore, provide a further constraint on the Z couplings required to reconcile the observed "πK CP puzzle" [11] . Under different simplifications for the Z couplings, four different cases have been systematically investigated in Ref. [11] . In this paper, we shall pay our attention to the following two scenarios:
• Scenario I: without any simplification for the flavour-conserving Z couplings;
• Scenario II: assuming that the right-handed flavour-conserving Z couplings vanish.
As the decay modes considered in this and the following sections are all related to the combination of flavour-changing and flavour-conserving Z couplings (see Eqs. (31)- (36) Table 3 .
Decay Mode
Exp 
decays. The other captions are the same as in Table 3 . 
Scenario I −0.63 ± 0.17 −0.07 ± 0. Table 7 . It can be seen that the right-handed couplings are smaller by about one order of magnitude Table 7 are very large due to the interference effects among them.
Scenario II: assuming that the right-handed flavour-conserving Z couplings vanish
As has already been found in scenario I, the left-handed flavour-conserving Z couplings are crucial and non-negligible, whereas the right-handed ones are dispensable. Thus, as a maximally Table 6 as inputs, we present our predictions for the observables in last two columns of Tables 3, 4 say that the Z model considered in this paper could provide a possible solution to the observed "πK CP puzzle". Meanwhile, it is also observed that our predictions for the other observables are in agreement with the experimental data within errors.
B s → KK, KK
* and π 0 φ decays Along with the successful running of LHCb, many decay modes of B s meson will be measured in the near future, which will provide another fertile ground to test the SM and various NP models.
It is well-known that, under the approximation of neglecting annihilation contributions, some 
The corresponding amplitudes ofB s →KK * ,B s →K
can be obtained from the above expressions with the replacement (KK)
With the theoretical inputs listed in the Appendix and the restricted parameter spaces of the Z couplings listed in Table 6 , our predictions for the branching fractions, the direct and the mixing-induced CP asymmetries of B s → KK, KK * and π 0 φ decays are summarized, respectively, in Tables 8, 9 and 10. Among these decays, only theB s → K + K − decay has been measured so far, for which our SM prediction is consistent with the previous theoretical evaluations [53, 58] and agrees well with the experimental data.
For the penguin-dominated B s → KK and KK * decays, as the branching fractions are dominated by the module of the effective coefficients α 4 and α 4,EW , to which the Z contributions are colour-suppressed, the NP effect in the branching fractions are not significant and diluted by the large theoretical uncertainties. On the other hand, due to the weak phase φ L s being non-zero, some of their CP asymmetries are very sensitive to the Z contributions, which can be clearly seen from Tables 9 and 10. 
, both within the SM and in the Z model with the two different scenarios. The gray bands denote the experimental data within 2σ error bars.
for these asymmetries are currently still too rough to give a definite conclusion. In addition, even though the Z contributions also exhibit some deviations from the SM predictions, the observables A 
It is also found that
observables that can be used to probe the Z effect. As is shown in Fig. 6 , while both of them are predicted to be around zero within the SM, the Z contribution in scenario I could bring a significant deviation from the SM prediction. Explicitly, in this scenario, both a large negative 
From Eq. (44), it can be seen that this decay is dominated by the effective EW-penguin
, while the contribution from α 2 is CKM-suppressed. Recalling that the significant Z effect on (32)), it is therefore expected that the observables ofB s → π 0 φ decay should also be very sensitive to the Z contribution. Another important feature of this decay channel is that it is not contaminated by the annihilation correction, which suffers from large theoretical uncertainties due to the known end-point divergence. Thus, theB s → π 0 φ decay is considered as a relatively "clean" channel for testing the SM and probing possible NP effects [60] .
With the obtained Z coupling parameters listed in Table 6 , our predictions for the observables ofB s → π 0 φ decay both within the SM and in the Z model with the two different scenarios are presented in the last row of Tables 8, 9 and 10. As has already been mentioned, the Z corrections are significant for all of these observables compared to the SM predictions.
Numerically, one can find that B(B s → π 0 φ) could be enhanced to ∼ 0.8 × 10 −6 by the Z which means that such an observable is very powerful for probing possible Z effects. However, the two different Z scenarios are found to be almost indistinguishable from each other by this decay. Thus, future experimental measurements ofB s → π 0 φ decay, especially the direct and mixing-induced CP asymmetries, will play a very important role in confirming or refuting the possible Z effect considered in this paper.
As is discussed extensively in the literature [10, 11, 57] , in order to reconcile the observed "πK CP puzzle", one has to modify either the color-suppressed tree amplitude α p 2 or the EWpenguin amplitude α p 3,EW ; the way studied in this paper by introducing a family non-universal Z model belongs to the latter. It is interesting to note that the decay amplitude AB s→π 0 φ (see Eq. (44)) involves both of these two effective coefficients. Thus, with the coming experimental measurements ofB s → π 0 φ decay at LHCb and Super-KEKB, a combined study of B → πK andB s → π 0 φ decays will provide a much more crucial test of various NP scenarios designed to resolve the observed "πK CP puzzle".
B → φK decays
In 
which is obtained by taking average over the following experimental data
−2 )% CDF [62] (1 ± 12 ± 5)% Belle [63] (12.8 • . An exact numerical evaluation is, therefore, needed to find the allowed regions for the Z coupling parameters, which will be presented in the following.
Scenario II: assuming that the right-handed flavour-conserving Z couplings vanish • , the allowed regions will be significantly reduced and are shown in red in Fig. 9 . The corresponding numerical results are given in Table 12 , in which a negative B Table 12 as inputs, we present our predictions in the fifth column of Table 11 . One can find that our theoretical prediction A and ρK decays in scenario I (see Table 6 ).
Before presenting our numerical results, we would like to firstly discuss the universality of the flavour-conserving Z couplings for the first two generations. For the down-type quarks, the 3 × 3 diagonal Z chiral charge matrices ψ X (X = L, R) in the gauge eigenstate basis and the corresponding unitary matrices V ψ X can be written, respectively, as Using Eq. (3), one can get the corresponding off-diagonal matrix element of Z coupling in the mass eigenstate basis,
Moreover, using the unitarity of the matrices V ψ X ,
and in the limit of small fermion mixing, Eq. (48) can be further simplified to
It should be noted that, in this section, our studies of the Z effects are performed in the "SM limit", i.e., the right-handed Z coupling matrix is diagonal and hence no new types of four-quark operators arise compared to the SM ones given in Eq. (28) . This implies B 
which implies that the left-handed Z coupling parameter B L ss would also be further restricted. However, as is shown in Fig. 11 , it is found that there is no overlap between the allowed regions of (B Table 11 , from which one can find that the predicted A dir CP (B − → φK − ) agrees well with the data.
Conclusions
In this paper, motivated by the latest experimental data of B s −B s mixing and various hadronic b → s transitions, we have performed a comprehensive reanalysis of the impact of a family nonuniversal Z boson on these processes. For hadronic B-meson decays, our studies of the Z effects are performed in the "SM limit", i.e., the right-handed Z coupling matrix is diagonal and hence no new types of four-quark operators arise compared to the SM ones. Our main conclusions are summarized as follows:
• Among the several observables of B s −B s mixing, the precise ∆M s and φ • The allowed parameter spaces of Z couplings are found to satisfy the constraints from B → πK, πK * and ρK decays, and hence could provide a possible solution to the observed "πK CP puzzle" through a sizable correction to the EW-penguin coefficient α As a final comment, we would like to point out that, given the current lower limits on m Z ≥ 2 TeV set by the ATLAS and CMS collaborations [12, 13, 17, 18] , the Z effects on B s −B s mixing and hadronic B-meson decays are going to be small, and are usually plagued by large experimental and theoretical uncertainties. It is therefore quite difficult to deduce definitely the presence of Z effects at the moment. With the running LHCb and the upcoming Super-KEKB experiments, together with the improved theoretical predictions, B physics is expected to enter a precision era, which would exhibit the exact features and the flavour structures of various NP models, including the Z model considered in this paper.
Appendix: Theoretical input parameters
For the CKM matrix elements, we adopt the results [67] |V us | = 0.2252 ± 0.0009 , |V ub | = 0.00415 ± 0.00049 , |V cb | = 0.0409 ± 0.0011 , γ = (68
which are all extracted from tree-dominated processes and are, therefore, almost insensitive to physics beyond the SM.
As for the quark masses, we take [67] 
We take the following inputs for the heavy-to-light transition form factors [69] 
